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I. BASIC ECONOMIC ANALYSIS CONCEPT 
The purpose of this chapter is to provide the reader 
with a @finimal degree of economic analysis background. It is 
the intent of this chapter to introduce terms and concepts 
which will be used and expanded upon throughout this manual. 
The discussion will begin with the concept of economic 
analysis and then frogress to terms used later in the 


Tanual. 


Ho@notmowaliaeySisS {HA} as »ccncerned with choice. it is 
based on the premise that every decision has a number of 
choices or alternative ways in which to successfully achieve 
an objective. Specific decision problems will vary, as well 
as the choices, but essentially, economic analysis isa 
guideline ina choice situation where there are alternatives 


With measureable costs and benefits. 


Economic analysis is a systematic method of evaluating 
alternative approaches ina given choice situation. Embedded 
into the evaluation of alternatives isa set of constraints 
and criteria by which each alternative is compared. More 
Simply stated then, economic analysis is a method o£ 
evaluating alternatives in order to help the decision maker 


find a sclution to the decision problem. 


In choosing an alternative, the decision maker must weigh 
those costs and benefits in terms of tradeoffs: what will 
rot be realized by fcregoing a particular alternative. When 
ar alternative is chosen, the benefits andcosts of the 
cther aiternatives are not realized. So the cost of one 
alternative may be expressed as those benefits not realized 


by choosing another alternative. 


These views can easily be summed up as follows: 
* EA is a method for evaluating alternatives. 


* FA ais only a tool for aiding the decision maker in 


choice situations, it does not make decisions. 


* EA is an aid to allow decision makers to structure 
their. choices within constraints and provides for a 


clear criterion in making such choices. 


The basic concept of economic analysis can be broken down 


further into foun basi@ primer oilec- 


=CH@M CE -SiTuA TOS 


1. The analysis 1s initiated by a need for a decision. 


~ALTERNATIVES=S 
Zz The analysis must investigate ail reasonable alter- 
Native methods of satisfying a given objective 


(technologically and operationally). 


—~FUTURSSORLEN Tee 
3. The analysis must consider both current and future 
activities and their associated exnenditure patterns 


for all alternatives. 


=-COST AND EEN lToaeou i= 
4. The analysis must consider the cost of each 


alternative as well as the benefits of each. 


Now that the basic concepts of economic analysis have 
been presented, the reader should be familiar with scme o£ 
the terms and their uses within these concepts. The terms 
discussed here are associated with cost since its rele is 


among the most important. 


Costs are normally an essential element of economic anal- 
ysis Since this is the standard by which most alternatives 
are compared. Costs can be defined as those benefits fore- 
gone Ey choosing a given alternative. Reeweost product of 
the econcmic analysis, however, 1s very rarely likely to be 
the same as the budget estimate and less likely to be close 
to the actual cost. This difference occurs because economic 
analyses deal with costs ina different way. Fconomic anal- 
ysis is used to weigh alternatives via cost ard berefit 
differences, not to arrive at accounting costs. These issues 


are addressed in more detail in chapters two and three. 


Before one can properly understand the evoluticn of 
putting together alternatives and comparing costs. and 
benefits, abasic knowledge of general cost categories is 
required. Generally speaking, FA costs are either recurring 
or nonrecurring. Nonrecurring costs, as the name implies, 
are one time costs and are usually associated with the start 
up vhase of a project. Recurring costS occur more or less 
continuously throughout the life cycle of a project and may 


be incurred on a daily, monthly, quarterly, semi-annual, ofr 


annual basis. Table 1-17 outlines some of the more common 
costs in each category. (Note: Some of these costs - scrap 
value, sale of assets, and reutilization - are negative 
costs. These are costs which are subtracted from the total 
costs). 


Table 1-1 
COSTS 


NONRECURT LNG MeO@s4= RECURRING COSms 


cr ee ec ee ee — ae eS ee eee 


research and development, 


are independent of units 


operated and are alsoa 


research and development 

investment 

value of existing assets, 

employed 

scrap value of an asset 
(negative cost) 

sale of an asset 
(negative cost) 

reutilization of an asset 
(negative ccst) 


continued use of an asset 


Additionally, costs can be 
cycle costs and sunk costs. 
roth recurring and lonrecvmermnag, 


Lise lates This normally 


Research and development costs 


Classified further 


produced or operated. 


Civilian personnel 
Military personnel 
equipment rental/ 
maintenance 
space rental/ 
maintenance 


Materials and supplies 


utilities 


communications 
commercial services 


overhead costs 


as life 
cycle costs are those 


that are incurred 


for one particular alternative from tke beginning to the end 
represents three phases; 
investnent, and operatwenm: 


are usually nonrecurring and 


Investment 


are dependent on the number of assets produced or 


are recurring and include support costs, 


utilities, etc. 


Sunk costs are those costs 


InCGurred GE Whweh “havewepeen 


nonrecurring cost. 


Operating costs 


maintenance costs, 


which nave already been 


committed irrevocably to 


project. Since Such costs are incurred no matter which 
alternative is chosen, they are not included as part of the 
life cycle cost analysis. For example, if a given alterna- 
tive is linked to a research effort undertaken and completed 
two years prior to the timeframe of the decision, ther the 
cost cf that research effort (for instance, 4%100,000) must 
be disregarded in costing out the alternative. It 1s a sunk 
cost which in no way affects the future cost of the 


alternative. 


To illustrate these concepts, Suppose a manager is faced 
with the decision prcblem of which micro computer to buy. 
At this point, the manager has already identified the deci- 
Sion proklem. The Manager may place constraints on the 
feetsion problem by stating for instance, that the computers 
must have "X" amount of storage and must fit on a desk tog. 


The decision problem could then be stated as follows: 


Minimize lifecycle costs 
ky choice of a micro systen 
constrained by: 


* The system must have at least an "X" byte memory. 
* The system must have a "footprint" less than or 
eeu FO oUNX 30s 


The manager may find two computers which meet the 
Semaetraints; Micro “A" and micro "BY". In addition, he may 
have decided that the useful life of these computers is five 
Peers and the Salvage value for each 1S zero. ~@inm, cther 
words, he expects at the endof five years to acquire a 
cifferent system, therefore, the costS are measured for a 


period of five years. These are the lifecycle costs. 


Now the manager must compare the costs of the two 
computers. The follcowing are the costs associated with each 


alternative: 
COS2S5S FOR COMP Ur ate BAe. 
initial hardware cost: 32500.00 
initial software cost: $450.00 


estimated software costs over next five vears: £1509.00 


estimated maintenance costs for the next five years: 


$300.00 


estimated utilities costs over the next five years: 
$300.00 


estimated labor costs over the next five years: 
F20002 00 


total cose] $10,050-00 


COSTS EOR GOM2U TE Ree 
initial hardware cost: $20000 00 
initial software cost: $600.00 
estimated software cost for next five years: $ 1800.00 
estimated maintenance for the next five vears: $500.00 


estimated utilities costs over the next five years: 
$300.00 


estimated labor costs over the next five years: 


fo 00 20.0 


total costs. siGezoi0d 
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Some of the costs such as labor and utilities are the 
same for both computers. They are recurring costS Since they 
occur once a month. They were totaled uv above so that the 
costs could he expressed in life cycle terms. Because they 
are identical for both alternatives, they need not be 
included as part of the coSt comparison (Since they de not 
affect the decision). AS an example of a sunk cost, S'lfpose 
the manager had paid a consultant to gather this information 
and perform this study, that cost would not be included in 
the ccmparison either since it has already been spent. At 
this point two key ideas can be summerized: 

Pa ES 
1. The manager must set a base from which the 


alternatives can ke compared. 


Dip owe Ne 1 ACOs Ts! 
2. In making the comparisons of costs for the alterna- 
tives, only those costs which are different from one 
alternative to another are used. Costs which are 


identical among all alternatives are ignored. 


If the manager was asked to find the actual costs for 
each alternative, then all costs would be included because 
they are related to the operation of the system. But since 
only the cost differences are relevant for deciSion making, 


labor and utility costs need not be included in the examvle. 


Taking this into account, the differential costs for 
eomouter "A" are not $10,050.00 but $4,759.00. For computer 
mpi the differential costs are not $10,200.00, but 
He 00.00. 


The hardware and software costs are Nnonrecurring costs 
and may be misleading when considered alone. At first 
glance, it would aprear that computer "B" would be cheaper 


Since the initial costs were $2,690.00 as opposed to 
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$2,950.0C. But when the maintenance and projected software 
costs “are included, computer "A" would be the logical 
GIoLe¢. 

This example could be used in the same manner for any 
decision rroblem e.g. buv or lease, automate or status quo. 


The basic principles are the same for each decision being 


made and will be addressed in detail in the next charters. 


Ve 


Ei. SSCONONBE ANALY Sass 


The process used for economic analysis consists of hine 


key elenents: 


1. Formulate the basic decision problen. 
Ze Establish and define a goal or objective. 
3. Formulate appropriate assumptions. 


4, Search out alternatives for accomplishing the 


objective. 


S. Determine costs (inputs) and benefits (outputs) of 


each alternative. 
6. Formally state the complete decision problem. 
7. Compare the ccsts and benefits of the alternatives. 


8. Test the sensitivity of the analysis for major 


uncertainties. 


9. State the resulting recommendations. 


All of these key elements are included in the written 
submission of the economic analysis. The following, which 
adheres to the format described in Chapter IV, begins the 
discussion of the EA process--the "how to" portion. ees 
imperative to understand that the EA process iS a process 
which will likely involve several iterations. So, while 
each step is described but once, it is likely to be repeated 


several times. 
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A. TNITRODCG or 
1. Background 
Regin by providing the reader with an overview of 
the existing environment. Identify what problems or opportu- 
nities are being studied and include any events which led up 
to the vroblem. Finalize with a single sentence forrulation 
of the decision problem to be addressed by the analysis (key 
element #1). This will effectively direct the scope of the 
analysis as well. 
2. scope 
The scope of the study involves all areas at which 
the EA is directed. It also specifically excludes those 
areas not to be considered. Clearly state the scope of the 
analysis in these terms. This is the focus of the essential 
decision problem and effectively manages the range of all 
alternatives. 
3. Methodology 
While detailed documentation of procedures used for 
estimating costs and benefits is essential, it 1s Lest added 
aS an appendix and a summary of the methodology provided at 
this point. This allcws the reader a brief view of the meth- 
odolcgy used without unnecessary detail. The summary should 
include the time horizon examined, how alternatives were 
compared (e.g. present value), a statement about the sensi- 
tivity analysis, andany findings of previous EA's leading 
to this report. (e.g. a previous study which found acquisi- 
tion of a new ADP system to be economically feasible). In 
general, then, the methodology section will be a summary of 


the appreach taken by the analyst to accomplish the study. 
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ee COC BUSCTIVE 

The objective of the study should be stated here in 
terms of a mission or a goal (key element 2). It is crucial 
that the objective be well defined and without bias. To do 
this, the analyst must first review what decision is to be 
made. For example, if the analyst 1S preparing to meet the 
first milestone, tef/she is dealing with basic system 
SOoncerts. (The ADP acquisition process is broken down into 
four major phases called milestones). The decision faced at 
Milestone I is a basic concept such aS improvement of ADP 
service while reducing costs. At Milestone IT of the acqui- 
Sition cycle the analyst is faced with more specific deci- 
sions and the objectives might be stated so as to inciude 
what type of ADP equipment should be purchased in order to 
improve ADP services while reducing costs. The analyst nust 
also ensure that the objective be stated first and then 
alternatives formulated to meet the objective. Otherwise, 
the analyst may find himself/herself formulating the objec- 
tive to fit predetermined alternatives. This is an example 
of how an analyst might inadvertently form ae biased 


objective. 


meas oUMPTIONS 


In all decision problems, there are accompanying 
eonstraints. These are presented here as assumptions (key 
element #3). The assumptions provide the reader with a 


means of understanding those aspects of any unknowns of 
uncertainty the analyst was dealing with when ccmparing 
various alternatives. Assumptions serve to reduce the field 
or study and provide stability in the comparisons. There are 
three Frasic rules which should be followed when forming 


assumpticns: 


We 


1. Be certain the assumptions are realistic and not 


mere platitudes cr wishful thinking. 


2. State assumptions positively, using the word "will". 
For example, "Tke ADP system will have an economic life 
of eight years." "MILCON funds will be available ine 
RX. " 


32. Ask yourself if your conclusions would be valid if 
cne of the assumptions did not hold true. If the answer 
is yes, then eliminate that assumption because it is 


not a reguirement that must be met. 


Bee ALTIE RNA wey kis 

As mentioned earlier, the okjectives should be formu- 
lated immediately following the decision problen. The 
alternatives are constructed to satisfy the constraints (key 
element #4). With this in mind, the analyst can eliminate 
some alternatives by concentrating on only those alterna- 
tives which are feasible. In other words, if an alternative 
does not satisfy the constraints, it is not feasible and 
Should not Fe considered an alternative. This wiil "seam 
leave the analyst with a number of possible alternatives and 
theoretically, all alternatives should be studied. This is 
obviously too time consuming and alternatives should be 
harrowed dcwn to the feasible alternatives. This includes 
those necessitated by the constraints imposed on the anal- 
ysis itself (time and money, ine od i tke Wl air ) v2 At the same 
time, the analyst must take care not to prematurely rule out 
alternatives which may appear to have small benefits but 
which ultimately may lead to the "optimal" cost-benefit 


cholce. 


The analyst should use caution that alternatives do not 


exceed the stated objectives. This could lead to wasted 
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effort. For instance, if the opjectives are to improve 
administrative services at lower costs, alternatives that 
include any aspect of what brand of ADP equipment to buy are 
wasted effort since this issue 1S not addressed in the 
objective. This is a decision that should addressei ina 
later EA if in fact, kLuying new equipment is found feasible. 
Including such guestions as "what equipment should be 
purchased" also makes it appear that the analyst has already 
decided that automaticn via new eguipment already outweighs 


status guo or any otker possible alternative. 


The point is that the analyst must keep in mind what 
decisions are being made and avoid bias in addressing those 
decisions. An example of this occurs when milestone deci- 


Slons are mixed together. Milestone I deals with the very 


TAB EE2— | 
MILESTONES 
Milestone [I Milestone II 
* Status quo * what type of data 
Initial EA processing installation 
SssSS=5SS==>==> * autcmation support to use 
kasic concept * whether to develop 
* nonautomation software locally or 


commercially 

* what type of eguipment 
to acguire 

* how to acquire the 
equipment 

* verify original 
sensitivity analysis 


and update 


th 


basic decisions while milestone II addresses the sfecifics 
as to the tvpe of hardware, inhouse/outhouse development of 
software, etc. As Table 2-1 points out, by includiie 
elements of milestone II decisions to alternatives in nile- 
stone I, the analyst not only complicates alternatives but 
wastes a lot of time and effort if automation turns out to 


be a poor choice in relation to the other alternatives. 


To avoid going too far in formulating alternatives, 
include only those issues which fulfill the following two 


requirements; 
1. Does the alternative satisfy the constraints? 


2. Are all elements of the alternative essential in 


Satisiying the wonsmsammEns. 


aii Ul aay be possible that no alternatives meet the 
Gonstraintrs. (Keering in mind, of course, that this 
includes the "status guo" alternative. In this casé€, even 
the status guo 1S unacceptable). In such a rare case, the 


analyst must modify the constraints in order to obtain a 
selection of alternatives capable of meeting the new 


constraints. 


The aiternatives should include all feasible solutions. 
For example, in a Manual versus automation decision, one 
Should consider manual versuS semi-automatic versus fully 
automatic. In a buy versus lease decision, the analyst may 
want to consider lease to purchase options, or lease then 
purchase. These decisions are often strongly influenced by 
Congressional guidance. In other decisions, tke ADP analyst 


may wish to consider the following elements: 


A. Modify the current system by reconfiguring existing 


ADP resource, hiring additional personnel, etc. 


ie 


PS eNeGwmerrnge the Capabzlity from™ a NARDACG or fron 


another government agency through resource sharing. 


Geemeconthacting with non-governmental sources to 


provide the required capability. 


These illustrate the point that alternatives should prcevide 
the decision maker with more than simple extreme choices 
and that in exploring less than the extreme, the analyst may 


find more feasible alternatives. 


Once the alternatives have been identified, they should 
be presented in detail at this point under the guidelines 
presented earlier in this chapter. A comprehensive discus- 
Sion of the technigues and operational characteristics 
Should be depicted for eacn alternative. The discussion 
Should include a description of the method of operation, the 
volume of work load, the type of equipment used, and anv 


other factcrs unigue to the systen. 


One final but impertant point must be made here akcut 
alternatives. Fhenever buying a system becomes an alterna- 
tive, leasing must always be included as another alterna- 
tive. This decision, buy versus lease must be addressed 
fully and in great detail. It must be shown, without gues- 
tion, which of these two alternatives is feasible. The issue 
here deals with present value (discussed later in this 


Chapter) and funds available. 


fee cc lLIMATING COST AND BENEFITS 

Before the analyst can adequately estimate any costs or 
benefits (key element 5), the time horizon to ke studied 
must first be identified. This time horizon should be 
stated in terms of the life cycle of all alternatives. 


Therefore, the analyst should choose that life cycle which 
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is lengest and  prorerly Satisfies the project length 
(choosing the shortest life cycle would automatically 


eliminate those alternatives with lonyer life cvcles). 


Tdentifying project costs is relatively stralgatiorvaag 
but elimination of equal costs common to each alternative is 


advisable for larger projects in order to simplify the 


compariscns. By omitting these costs (for instance, rent 
for a facility) the task of making comparisons is greatly 
Simplified. If the analyst does omit such costs, they 


Should be identified in the assumptions. This allows the 
reader to account for total life cycle costs for all 


alternatives while prceviding an easy method of comparison. 


When accumulating costs over the life cycle, measurements 
Should be in constant dollar values. Inflation factors are 
ignored when their impact is equal among all alternatives. 
(For rersonnel costs, the analyst should refer to the NAVY 
BILLET COST MODEL for estimates of personnel costs.) 


Identifying benefits for each alternative is not as 
straightforward as cost identification and it is susceptitle 
to a high degree of subjectivity. The real difficulty lies 
in measuring these benefits in away to allow a ccmparison 
of one benefit to ancther. Nevertheless, all btenefits should 
be listed even if their measurement may not be possible. 
This allcews the decision maker the opportunity to evaluate 


the benefits as subjectively as the analyst did. 


Still, the analyst must make every effort to formulate 
benefits in quantitative and measurable terms. In some rare 
cases, the benefits may have a direct market value and can 
be measured and compared the same way that costs are. for 
example, one market valued benefit might be training that 
other users are willing to pay for. This is not often the 
case and there are some technigues an analyst may use to 


help identify and measure benefits: 
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ieCwanimry, bDenekrs ineterms gof dollars by using a 


comparable operation in the private sector. 


2. Express benefits in terms of resources saved (down 
time, personnel, utilities, etc). Make sure not to 
include those resources already accounted for by 


another alternative's cost section such as-~ perscnnel 


costs. For example, suppose alternative "A" involves 
hiring an extra person compared to alternative "B" 
which does not. [it pneneGonmparing Costs, the ccst of 


hiring the extra personnel is included in alternative 
Ma", the savings of not hiring that extra person should 


not be included as a benefit for alternative "B", 


3. Express benefits in terms of output (pages/hour, 
orders/day, Oferational time/year, etc) and, aE 


fossible, value cf output. 


“4. Rank benefits from all alternatives. 


fae ASSi0n,. “polnts” to benefits according to a 
weighting scheme. Weighting schemes must be used with 
care. 


zo Pea NGeaikh COMPLETE DECISION PROBLE™ 

Once the analyst has devoted efforts inthe previous 
steps, it is helpful to restate the decision problem based 
on kncwledge gained thus far (key element 6). This is tene- 
ficial since the analyst is reminded of the problem at hand. 
Also, restating the decision problem at this point can lead 


to new insights as te the constraints. 


Pee CCMNPARING COSTS AND BeNErils 
After identifying those costs and benefits each alterna- 


tive has, the analyst must compare the net present values of 
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the alternatives. This means arrivinj at a value comprised 


of both costs and benefits (key element #7). 


Since costs are measured in present dollar values, alter- 
natives which produce a benefit of $100.00 each could be 
considered equal despite the fact that the monies are 
received at different times. To illustrate the present 
value approach, alternative "A" pays $100.09 today while 
alternative "B" pays $1090.00 next year. Alternative "A" 
would be of more value since the $100.09 could be put ina 
kank and earn interest for a year while alternative "3B" 
would not earn any interest income. By the time both alter- 
Matives collected tke $100.00, alternative "A" would be 
worth more money. To evaluate the alternatives on an egual 
basis, discounts are applied to the $100.00 received next 
year so as to allow for comparison on an equal basis. This 
process is called Net Present Value and is used from a frac- 
tical perspective according to Navy sources whenever the 
life cycle exceeds three years. [Ref. 1] 

1. Net Present Value 
The net present value calculation is the last rhase 
in a cost-benefit analysis. The net present values of the 
alternatives must be compared against the expected costs or 
benefits and for sensitivity to various values which are 
subject to change. The following text will provide the 
anaiyst with the necessary tools to help with calculation of 


Net Fresent Value. 


Essentially, the present value of $1.00 a year from now 
is $.954 using 10 percent as the discount rate. Its value at 
10 percent in two years is $.867 (see table 2-2 for 19 
percent value table). OMB has mandated that the discount 


rate of 10 percent be used. [Ref. 2] 


ee 


The simplest method for computing net present value is to 
multiply the costs of a given year times the corresponding 
@uscount factor listed in table 2-2. For example, if the 
cost cf a project each year were $100.00, the net present 


value cf the project over 5 years would be: 
POCeeomiere ode .95t +> 100 x .c67 + 
OO) Comte 100 Xow 7 17 = 
OCurmmosnes « COMmmmmemny ©. 5 tammy 1. 7 = 
$432.60 


Note that the first $100.00 is multiplied by one. This 
means that 7100.00 was paid at the present time for the 


first year and its value at the present is $100.09. The 


Table 2-2 
TEN PERCENT VALUE TABLE 


Project Present Value * Project Present Value 
Year of $1 = Year of $1 
ee eee ws Sk Ea ee 
1 0.954 * 14 Oe2e 6 
2 Oe O60 7 * i O21 
5 0.788 = ApS Ora? 
4 Oa lig * 1 0.208 
5 Ce652 * 18 One 
6 eee * re O22 
a 02536 20 GO. loc 
8 9.489 = 27 Ore V4 
9 0.445 * 22 O29 
10 0.405 * 23 Ossi 
1 0.368 =F 24 ree lkoe, 
12 0.334 * ZS O10 97 
ls 0.304 7% 


hO 
lu 


year one discount factor of 9.954 1s applied after one year, 
or after the majority of the year has elapsed. This nethod 
is incorporated ina formula to avoid having to use the 
tables. Mathematically, the discount factor is 1/(1 + rye 
where ris the discount rate and t 1s the number of years 
Since initiation. So, for a discount rate of 10 percent, the 
formula becomes Waa ; Note Table 2-2 gives mid-year 
values, i.e. 0.954 = (7.00 + .909)/2;: where .909 = (17 lye 


Fith this in mind, the net present value formula can be 


expressed as follows: 


present value of net benefits = sum of the net benefits 
(the benefits minus costs) 
each year, over the project 
life. 


In mathematical terms NPV is expressed as follows: 


(benefits in year1) - (costs in year1) 
es ee + 
(1.1)) 
(cenefits in year2) - (costS in year2) 
ll _ + 
(eae 
(benefits in year3) - (costs in year3) 
a ey a + ...CEeGe 
Cie 
Note: 1.1 is the simplified discount factor for a discount 
rate of 10 percent ({(1 + Bally = (eae exe 
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Example: 


Benefits (5) Costs (fT) 
Year 1 129 100 
YearzZ 130 110 
Year 3 140 120 
NPV = 120-100 130-110 140-120 29 20 20 
------- ¢ e-em e— mem Ft ee mere FS ere tt Hmm Ft KK = CGD TY 


(1.1) Gie, 1\2 eles jee 120 1233 


Pa COs man Cmrele alts mu ndayve heen entered Correctly, 
then only the projects with positive Net Present Values 


would be considered. 


The net present value concept presented here is only one 
way to view NPV. Farlier, the discount factor, (1 + yt P 
waS applied to the net benefits (benefits minus costs) in 
each year. Instead —F concentrating on net benefits, 
consider the notion that at every level of resource used 
there is one level of output. In other words, the analyst 
thinks in terms of the resources required to produce a 
specific level of output. If the resources are expressed as 
costs, then it is the costs required to produce a specific 


level of output. 


This implies that costs can be expressed as a functicn of 
output. That is, costs are dependent on the level of output 
and the detail of multiple inputs that are subsumed in the 
relationship of outfut to cost. This is called the cost 


function and is expressed as follows: 


cost = F (output) 


where F(.) represents the function 


Ze5 


If More than one output is expected, the formula is expanded 


1 @ 


COST =) 00,0772 eee ty) 


where Qi represents the different outputs. 


YJsing the cost function the same way that net benefits 
were used earlier, net present value of costS can be 


expressed as a functicn of output in the following way: 


F (C1,02,03;7..-0n) iInm@adart 


F (C1,02, 03,08 + OTe ae 
+ 


— ee St ee ee ee ee eee eee ee ee 


(lee 


FE (0C1,02,03,--- On MeL nm year. 


More simrly stated: 


costs in yearl costs in year2 costs in year3 
+ + _ + etree 


fea) lenis ( 81)2 


Essentially these cost functions can be derived mathemati- 
cally by using historical data of different output levels to 
arrive at an equaticn. Using this technicgue saves’ the 
analyst the trouble of having to research all the cost 
details of the multirle inputs that is reguired in the other 


arproach. 


Fhich of the two methods to use in solving a decision 
probiem depends on the nature of costs and benefits associ- 


ated with each alternative. If allcosts and benefits are 
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expressed in dollars and the benefits vary with each alter- 
Native, then the net benefit approach is best. ine “On the 
other hand, benefits are not measurable in dollars and can 
be fixed at a specific level, then the approach to take is 
that of minimizing costs given that all the alternatives 
meet the minimum benefits. When a Situation such as this 
eccurs, a benefit/cost ratio for each alternative can be 
used to develop decision rules that identify the least cost 
alternative. Renefit/cost ratios are discussed in the next 
section. 
eee scnerit7 Cost fatvio 

The benefit/cost ratio Serves aS an economic indi- 
cator of efficiency. ineeaeiatc om ticomout puts expectcduas a 
result of undertaking an alternative to the value o£ the 
resources expended. In other words, it relates benefits to 
the costs. This, in turn, numerically illustrates the 
tmeecerences among the alternatives in terms of which gives 
more Eenefits per dollar expended (when the benefit level is 
fixed). There are basically three approaches to under- 
standing BCR and each is described in order Oe 


sophistication. 


In the first appreach, acquiring a single benefit value 
is the geal. Once this is done for each alternative, the 
benefit value can be divided by the present value cost to 
arrive at a benefit/cost ratio. The alternative with the 
highest benefit/cost ratio is the optimal alternative in 
this case. This is true Since if benefits are fixed, the 
ratio of benefits to costs (benefits per dollar expended) 


identifies the the least cost alternative. 


There are many methods of acguiring a single benefit 
value. The easiest method 1S where benefits are measured in 
dollars. The benefits are simply added up to provide a 


Single value. For those benefits which do not have dcllar 
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values which can be easily appiied, a weighted ranking 
method might be used. This method deals with several deci- 
Sion factors for which each alternative is given a value 
(for instance, Otome Fach decision factor is weighted 
according to the analyst's subjective interpretaticn of 


1mportance. 


An example of this method is illustrated by a choice of 
two computers. Computers A and B are ranked on four deci- 
sion factors shown in Table 2-3. The table shows’ the 
decision factors andthe weighting value for each factor, 


and the assigned value for each computer. 


rable 2=3 


Data Availability 5 o 10 
Data Timeliness 2 8 ie 
Data Accuracy 2 6 © 
Ut idasty bor 3 9 9 
Decision Making 
In this case, the aggregate benefit values for each 


computer are calculated as follows: 


Computer A: (3x9) "+ (2x SRR (2 Ghee oe) 
27 + 16 + Zs 27 


tl 
OO 
NO 


Computer B: (3x10) + (2e10)0 + (2x9) Soc.) = 
30 + 20 1s So 27, = 995 


ac 


Tf the present value costs for Computer A and Computer 3B 
are £129,909 and £130,000, respectively, the benefit/cost 


ratics are computed as follows: 


It 


BCR for Computer A = 82/120K aoe 


BCR for Computer B Oey le OK 3 


On this basis, Computer 8B yields a higher return per dcllar 
spent. In the second approach to BCR, a standard required 
performance level ora minimum benefit level is stated in 
the decision problem as a constraint. The alternatives are 
developed and stated so that the constraint is satisfied. 
The alternative which costs least and meets or exceeds the 
required performance or minimum benefit level (which ever 
the case may be ) 1s chosen. The benefit/cost ratio is an 
appropriate tool to aid the analyst in assigning the aiter- 
hatives. This is farticularly true in the instance when 


Stated performance levels and/or Minimum kenefits are far 


exceeded by all of tke alternatives. Keeping in mind the 
structure on the decision problem (‘Minimize 
Geats..-cOMmstrained by...‘), the BCR assures the analyst 


that the least cost fer benefit (or performance level) is 
highlighted. It will also illustrate those alternatives 
whose excessive performance or benefit levels are not justi- 
fied by cost (low BCR), and those whose excessive 
performance/benefit levels are appealing due to low cost 
(eeprom BSCR). 


When alternatives are not mutually exclusive, Pha Ls, 
more than one alternative can be used, combinations of 
alternatives can be used to achieve a minimum level with 
Sometimes lower corresponding costs. has 1Setmem. third 
approach to BCR. Ey computing the BCR for each alternative, 
it might be possible that no alternative meets the required 


renefit levels or they far exceed them. In this case, using 


Zo 


a comkination of alternatives might bring performance levels 
up to standards. The same can be done to lower performance 


levels with corresponding cost savings. 


BCR can provide ameans of making decisions in cther 
ways. in the previous discussion, the decision proklem was 
to minimize cost given a Minimum performance level. BCR can 
allow choices for decision problems that require the most 
benefits given a Eudget constraint (expenditures less than 
or egual to budget). These decision problems are ccmmon 


when dealing with budgets. 


All of these concepts are designed to help the decision 
maker compare the costs and benefits of alternatives ir the 
same way. Once the decision maker has compared the costs 
and benefits, critical subjective values must be dealt with 
in order to evaluate the importance of uncertainties. This 


is called sensitivity analysis and is discussed next. 


Hee SENSITIVESY ANALYSIS ~Reflaeae 

Sensitivity analysis refers to the method by which the 
relative magnitude of change in one element of an economic 
analysis is explored to observe any change in the ranking of 
alternatives. In effect, it gives the analyst an opportu- 
nity to address uncertainties. In sensitivity analysis, one 
factor or cost element is varied to observe its effect. The 
that element can be varied over a wide range without 
affecting the ranking of the alternatives, then that element 
is said to be insensitive to uncertainties. Some of the 


elements which should be scrutinized and evaluated are: 


1. Cost Estimates. Those major cost elements which when 
increased or decreased have a Significant impact on the 


present value cost. 


30 


ee Peimenmeot System Life. Pie Ceke@ees Sf va) ShCrEter OF 


longer system life. 


3. Volume, Mix cr Pattern of Workload. Vide aeons =a 


the estimated volume, mix or pattern of workload which 


affect the present value of cost. 


4. Requirements. The effects of potential changes in 
reguirements resulting from either legislative mandate or 


Sianges gn fLvncticnal or organizational structure. 


Peli ratlon Cel Equipment or Software. The effects 
of changes in configuration of equipment, software, data 


SontuniLcatwons and other facilities. 


ee Assumptions. The effects of alternate assumptions 


cencerning requirements, operations, facilities and 


software, etc. 


To do a sensitivity analysis, the following steps must be 


followed in sequence: 


1. Choose the elements that when varied, are expected 


to alter the ranking of alternatives. 


2. Vary those elements over a value range while holding 
the other variables constant. Increases of 10, 25, 50, 
or even 100 percent should be explored to observe their 
effect. | 


3. Determine if these new values change the net present 


value results or the ranking of the alternatives. 


In following these steps, the analyst must first choose 
the elements which will have the greatest effect on the 
results of the analysis, that is those key items with the 


highest percentages of the total cost. An example would be 
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a project where personnel costs account for 90 percent of 
the project cost. Varying the smaller percentage items will 
have little effect overall in a comparison. Each of these 
dominant items should then be varied over a range of values 
while holding the other variables constant. If there is 
considerable uncertainty about the validity of the predicted 
benefits _o: costs, the analyst should recalculate the 
benefit/cost ratios or net present values for the selected 
alternative values. The analyst should use reasonable 
bounds for the upper and lower estimates of the item in 
question. By bracketing the range of values, a better anal- 
ysis will result. If this analysis reveals that large 
changes in an item estimate do not alter the outcome of the 
ranking, then the uncertainty over that one item iS unimpor- 
tant. If the analyst finds that the nhumber of Crucial) ange 
ments are "large", then judgement will be required in 


selecting the number of sensitivity analyses to incorporate. 


Te illusteate: Scthisveconeceur, part 1 o£ ©xample Vie 
below provides a basic Present Value Anaiysis (which indi- 
cates that Computer A 1s the best alternative). Part 2 


illustrates the application of sensitivity analysis. 


PANE LE Vines] 


Part 1 
Computer A Computer B 
Year Cne 5 a cree hanes 
Extra ADPE $ 80 0 
System Development 100 0 
Site Preparation a5 0 
Years TIwe Through Nine 
Personnel $ 80/yr 61207 ys 
Other Operating Costs 07 ye 25 768 


oy 


Solution 


1. Given the above cost data, determine the least costly 


alternative. 


The net present values for Computers A and 8B (using Takle 


2-2) are: 


Pv(Comp. A) = 0.954($80 + $100 + $35) + 5.088(380 + $20) 
= $205 + $509 


= $714 
Note: 5.088 is the sum of the present value factors of 
years 2 through 9. When one value 1S constant in an equa- 


tion like (Ax2)+(Ax3)+(Ax4), the equation can be stated as 


fees 4)XA OL Simply YxXA. 


PV(Comp. B) = 0 for the first year + 5.088($120 + $25) 
= $738 


Thus, computer A costs less. 


Part 2 Will the results change if the system develcpment 


costs are €120? 


PV(Comp. A) = 0.954($80 + $120 + $35) + 5.088(380 + $20) 
= $224 + $509 
=o oo 


Since $733 is less than the cost of computer B, the analysis 
is not sensitive to a $20 increase in system develcpment 


costs. 
Will the results change if the system development costs are 
ms 0 2 


Pemee om. A) = 2254 9 (280 + $130 + $ $35) + 5.988 (880 +20) 
3234 + $509 
$743 
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In this case costs would be greater for computer A, 
therefore, the analysis 1S Sensitive to an increase of $30 


in system develorment costs. 


What will be the impact if personnel costs for computer A 


are increased to $85 rer year? 


PV(Comp. A) = 0.954($80 + $100 + $35) + 5.088(%85 + $20) 
$205 + $534 
$739 


Thus, the analysis is sensitive to this change since the 


costs for Computer A have exceeded the costs for IrTomputer B. 


The economic life in the above example is somewhat ques- 
tionable. Perform a sensitivity analysis to determine what 
would happen i1f the economic life was five years instead of 


eight. 


Solution 


Based on a five year economic life, the present values of 


computers A and B are: 


FV(Comp. A) 0.954 ($215) + 3.6 16(S3100)) sms 567 
PVY(Comp. B) = 3.616($145) = $524 


Computer B is now less costly than computer A. Since the 

rankings of alternatives has changed, the analysis is 
sensitive to the shorter economic life. 
1. Iwo Variable Sensitivity Tests 

The outcome cf an economic analysis is frequently 

sensitive to more than one input or assumption. Graphical 

techniques may be used to treat two variables simultane- 


ousiy. For example, the PV life-cycle cost of computer A in 
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example VIII-1 can be depicted for simultaneous variations 
in annual personnel costs and system development costs. Hee 
the system development cost is denoted by D and the annual 


personnel cost by p, total PV life-cycle cost is: 
Perro. 954 (50 * D + 35) + 5.088(P + 20) 


Figure 2-1 shows plcts of total PV life-cycle costs for 
various combinations of system development and personnel 
costs. The personnel cost, F is plotted on the horizcntal 
axis and the development cost, D, is treated as an outside 
occuring variable. The placement of PV life-cycle cost 
points readily indicates which combinations of system devel- 


opment and personnel costS are economically preferable to 


Computer B. The circled point represents the anticipated 
values, (D = $100, P = $80) as used in the original 
analysis. 

= 
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Inspection of the graph reveals whether or not the 
proposed aiternative is economically justified. Lt es 
justifiable only if the PV point for Computer A lies kLelow 
Computer B's threshold. The graph also allows the reader to 
visually interpolate between designated development and 
personnel costs. Fcr example, if the actual system develop- 
ment cost for Computer A was $110 and the annual perscnnel 
cost was S577 the PV wculd be approximately $708 (see point Y 
in, £1 9uree2— ie. 

2. (~kisk Anaegsrs 


Risk refers to the variations in outcomes 1Inhepere 


in a decision” sSiudati one. To a large extent, risk is 
subjective. Each individual feels differently about risk, 
and Situations will affect each individual differently. A 


certain individual may be willing to risk $10 on the toss of 
a coin for instance, but that Same individual may not be 
Willing to risk $100. By the same token, another individual 
may not be willing to risk even the $10 (and another may be 
willing to risk $1000). Risk 1S a part of the Economic 
Analysis which the analyst is forced to deal with. One way 
to deal with risk analytically (though the subjective part 
of risk will always remain) 1s through the application of 


Esebabilities endmstatistacee 


Without getting tcc technical, the analyst has a number 
of tools available tc assess risk. Since risk deals with 
variations in outcomes, the logical place to start is to see 
what range those variations take. The range simply refers 
to the separation of the maximum and minimum values that are 
possifle. For instance, if based on historical data, six 
batteries have lifetimes of 3.3, 2.8, 3.4,3.5,2.7, and 3.8 
hours, then the range is simply the maximum lifetime minus 
the minimum lifetime 73.3 — Zee or wieemicuES: In addition 


to the range, the average (mean) and the median can be 
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obtained. The average is the sum of all possitle values 
divided by the total number of values. In this case, (3-3 
pero t 3.4 4 ae5 + 2.7 +3.8)/6, the average is 3.25. The 
median of a set of data is the value of the middle item (or 
the mean of the values of the two middle items) when the 
data are arranged in increasing or decreasing order. 
Arranging the battery lifetime data in increasing order and 
determining the median results in the mean of 3.3 and 3.4, 
oe 3.35. The data, ty the way, from which range, mean, and 


are calculated is knewn as the 'population'. 


The mean and the median are helpful, but it 1S more bene- 
ficial to the analyst to know the extent to which a popula- 
tion is dispersed. The range is the first measure of 
dispersion, However, the standard deviation is probably the 
best known and most useful measure of dispersion. The stan- 
dard deviation gives the analyst an indication of how widely 
the values are dispersed from the mean. After the prob- 
ability of an event occuring iS calculated it can be 


displayed on a graph such as the ones in figure 2-2. 
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Curve A shows a low standard deviation, and the resulting 
probability is high that a single value will fall close to 
the mean. Curve B shows a high standard jleviation, and asa 
resuit, the probability is relatively low that a value will 
occur near the mean. Clearly, it is useful to know the mean 
(where the entire population of data is centered). But one 
can also see that the standard deviation and probability of 
any one event (value) in that population occuring can help 


the analyst better assess risk. 


To iilustrate the use of the probabilitv of any one event 
OCCURE i nee consider the "Expected Value Calculation’. 
Expected value is the sum of all values ina population 
multiplied by the associated probabilities of each value. 
Table 2-4 lists the NPV of each event and the associated 


probability of that event occuring. 


Table 2-4 
Expected Value Example 


Mean probability Expected Value 
NPV Benefits (Mean X Probability) 
ALT 1 $100,900 2 $ 30,000 
en? 23007000 4 $160,000 
RLS $600,000 ae Sl Z0R cue 
ALT4 $800,090 sal $8 OF reo 
Given this information, alternative 2 has the highest 


expected vaiue and shculd be chosen. 


Choosing alternatives strictly on the basis of expected 
value can lead to sore costly errors. This means the analyst 
must use some subjective logic when choosing alternatives in 


this fashion. For example, suppose two alternatives have the 


ac 


same costs. Alternative A has a 100 percent chance of 
yielding $500,000 while alternative B has a 10 percent 
Seance O21 9 Producing $5,500,009 and a 90 percent chance of 
producing nothing. The expected value for each alternative 


me sicwn below: 


Alternative A = 1 X 500,000 = $590,000 
Alternatives B = (0 X .9) + (.~1 X 5,500,000) = 
feo oC euuU = pol0, 000 


Clearly Alternative B has the highest expected value but 
with only a 10 percent chance of actually realizing 
Pood, 0CO. There is a 90 percent chance of getting nothing. 


In this situation, most analysts will choose the less risky 


option because of the probabilities involved. Bt rl Osea Lk 
analysts are alike. Bach has .a different point at which 
risk reccmes too high for the henefits gained. While most 


analysts will choose alternative A, some others may still 
choose alternative B because the benefit of the extra 
$50,000 is worth the risk involved to hin. 


Expected value is only a method of applying prokabilities 


(the probabilities are in and of themselves, a useful tool). 


The intent here, however, 1s not to have the analyst sit 
down with a calculator and calculate these measures. 
Slearly, more sophisticated methods exist and there are 


agencies (OP162 for instance) which have the capability to 
analyze the data. It 1s important, however, to understand 
the application of these tools. The analyst must not only 
consider their application, but also illuminate the risks 


involved with each alternative to the decision maker. 
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aL - CCNCIUSION AND RECOMMENDA Te} 

Once the sensitivity analysis is completed, a summary of 
the results of the economic analysis should be written to 
review the outcome of the cost and benefit analysis. This 
brief summary is the conclusion of the study and trerely 
restates results already found in the analysis. The conclu- 
Sion should be concise and not include any new or surjective 


Opn eter 


Opinions and reccmmendations should be included in a 
separate section entitled "RECOMMENDATIONS". At this point, 
the analyst recommends an alternative to satisfy the 


decision problen. 


J. CHARIS AND MGR AP EES 

Finally, the use of charts and graphs in an €coromic 
analysis will add to the study. Charts and graphs make 
comparisons easy to see and understand at a glance. They 
provide a visual means of presenting data ina way that the 
reader can eaSily comprehend. The following are areas where 


charts are recommended: [Ref. 4] 


lie Derivation cf cost for each major element for each 
alternative. 

Ds Display cost elements for each alternative by 
fiscal year in which they will occur. Separate nonre- 


curring and recurring costs, further subdividing ADP 


and functional costs under each category. 
3. Display benefits for each alternative. 


4. Display ccmputation and results of present value 


analysis for each alternative. 
5. Ccmpare alternatives. 
6. Results of sensitivity analysis. 
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twee SUY VERSUS LEASE 
The following is an extremely sSimplifiei model illus- 
trating the applicaticn of present value analysis to a buy 
versus lease decisicn problen. Various elements of the 
Economic Analysis process and report are therefore not 
included or only briefly alluded to for the sake of 
Simplicity. 
1. Introduction 
a. Background 
Navy Activity "USN" has determined that a FPrand 
Z word processor is needed to cope with the ever-increasing 
office workload (as determined by a previous Economic 
Analysis). The initial decision problem is formulated as 


follows: 


Minimize the lifecycle costs of acquiring Brand Z word 
processor 
constrained by: 


Brand Z must be leased or purchased. 


Ee ED COpe 
The decision to use the Brand Z word processor 
has already been made. Therefore, no alternatives 
concerning Frand will be addressed. This Economic Analvsis 
is limited to exploring only the method of payment. 
c. Methodology 
The basic approach of this analysis is to 
compare present value costs to determine which alternative 
results in the least cost procurement of the Brand 2Z word 


processor. 


4] 
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Zz. Cbhiective 
The objective of this analysis 1s to examine the 
most feasible methcd of acqulring here scammed Z word 
proceSSOr. 
3. Assumptions 
ae Currently there are only two methods to acguire 
the word processor from the Brand Z Company. These two 
methods are purchase and lease. 
oe Vendor support in either method of acquisition 
is the same and no oferational or support differences exist. 
e- Purchase of Brand Z word processor requires a 
Singie full payment. 
Gli The econcmic life of the Brand 2 word proce ae 
is 4 years. 
e. Installment contracts (lease) are for a period 
cf 2 years. 
4. Alternatives 
a. Purchase 
Navy Activity "USN" will purchase Brand Zama 
processor with a single payment of $8,500. 
rk. Lease 
Navy Activity "USN" will lease Brand 2 word 
processor with monthly payments of $180 for four years 
subject to change after the first two years. 
S- Zhe Decision Problem 
Minimize lifecycle costs 
of acquiring Brand Z word processor 
Constrained by: 


Brand Z must Le leased or purchased. 


6. Cost Analysis 
a. Alternative A (Purchase): a single nonrecurring 
cost cf 
SO, 5008 
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ies Alternative B (Lease): Meciama ad MOnt bl y 


payments of 
$180. 


7. Benefit Analysis 
Since operational supporting costs are the same 
whether Brand Z is leased or purchased, the only perceivable 
benefit to lease lies in its flexibility. Siew laa GON! 
desire to upgrade its word processor, the costs associated 
with outright purchase would be saved. Since there are no 
foreseen changes in the next 4 years, this benefit will not 


be considered. 


8. Comparing Costs (see figure 2-3) 
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ALTERNATIVES 
r IGURE 2-3 
TOTAL NET PRESENT VALUE COST 
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Alternative A (Purchase): total net present value 


cost 15 3267, 500- 


Alternative B (Lease): total net present value 
cost is $7,184.16 (as shown in table 2-5) 


TAL eee 
COST COMFARISON 


Project Recurring Discount Discounted Cumulative 
Year CEsxs Paccor Costs Costs 
1 2160 2954 2060.64 20 GiCmrcrs 
Zz 2169 ood 1389 2.2 39 3325 
3 2160 aes 702203 9635.44 
4 2160 of ee lator 72 7184.16 


9. Sensitivity Analysis 
As stated earlier, monthly installments are subject 
to increase after the first two years. The following are 
possible installment increases after the first two years and 
their adjusted net present value costs for Alternative B. 


(Tapnle 2-6) 


eae ane aie Cost 
10 7509.24 
25 oe 66.0 5 


Since installment increases after the first two years are 
not expected to exceed 25 percent, Alternative Bis still 


the least cost choice. 
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TABLE 2-6 
SEN oe tY ANALYSIS 


PROJECT RECURRING DiS ecu NT DISCO u ne CUMULATIVE 


YEAR COSTS ae TOR COSzS SOS TS 
(10%) 3 mes) © ./88 NG 72 ee SOUomro” 
4 2376 oy ay Ne 0323 7509.24 
on) 3 2709 - 188 ZN ee 6060.96 
4 Zi ON en? ere. 70 feo. oa 


10. Conclusions 
The results of the economic analysis showed that 
leasing the Brand Z werd processor is the least cost method 


of acquisition for the intended lifecycle of the system. 


11. Recommen 
Based on the results of the economic analysis, 


leasing Brand Z word processor is recommended over purchase. 


NOTES: a. The format and methodology shown above are also 
applicable to a number of other decision problems (for 
instance, choice of hardware, site selection, lease versus 


lease to own, etc.). 


b. Cost estimation during the Economic Analysis is 
often time consuming and inaccurate. To aid the analyst, 
CNO CP 162 (Economic Analysis Branch) has produced a booklet 
on cost analysis and maintains several cost models. The 
office is also availarle to answer most questions concerning 


cost estimation. 
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IIIf. FORMAT SUMMARIZED 
The following gives a generalized format for the 


Economic Analysis. 


A. INTRODUCTION 
1. Background 
Provide the reader with a general overview of the 
existing environment. Tdentify specific problems or Oppone 
tunities being studied and provide an historical account of 
the major events leading to the problen. 
2. scope 
Identify the scope of the study. 
Summarize the procedures for conducting the economic 
analysis and the techniques used in estimating and computing 
costs and benefits. Technigues may be detailed in an 


appendix. 


Bo OEJECTIVE 


State the major objective(s) of the program/prcject 
under study. Objectives should be stated in terms of a 
functional need without implying how they are tc be 
accomplished. 


Cees Seu eeONS 


state all assumpticns under which the economic analysis 


was tkbased. Include the expected economic life and the 
period to be used in the comparison. Also include any 
constraints, limitations, or exclusions related to the 


Ala yrs deere 
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Dee ALTERNATIVES 
Describe the technical and operational characteristics 
of the alternatives considered, including the existing 
systen. 
1. Current System 
The current system represents the alternative which 
seeks to identify the level of costs and benefits which 
would accrue without changing the present method of ofera- 
tion. If a current system exists and is considered feasible 
it will serve as a baseline with which to compare. 
2. Prorosed System 
Describe the cverall concept for each of the prorosed 
alternatives. Alternatives which can be shown to be infeas- 


ible need not later be quantified but should be addressed. 


Meee CCST ANALYSIS 

Identify and describe cost elements for each alterna- 
tive. Tnclude the computations used to devise total costs 
and describe in detail the method for developing cost esti- 
Mates. Use tables, charts, graphs, mathematical models, and 


other visual aids to assist in the presentation of costs. 


ie Bon nvLaAds THE DECISION PROBLEM 
Formulate the decision problem so as to identify the 
decisicn to be made and the constraints of the problem in 


the fcllcwing format: 
Minimize lifecycle costs 
OV RCHIOMNG CE OD elses Se 3 3 ane 
ccnstrained by: 
Budget 


Cther constraints 
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Maximize lifecycle benefits 
Ey choice Of  srememeets tere ere 
constrained by: 
Renefits greater than or equal to some level! 8B 


Cther constraints 


Go” EPENER PITS (A NA tigers 

Identify and describe all benefits which could be 
attained ey 1mplementing each alternative. Quantify 
benerits whenever pessible. Identify criteria used for 
measuring benefits and include computations when applicable. 
Provide a general narrative description of all intangiktle 


benefits. 


H. CCMPARISON OF ALTERNATIVES . 
Ccmpare alternatives using the Present Value technigue. 


Use visual aids wherever possible. 


ieee SENSE EE Va TY OANA yeres 

Describe the acproach and assumptions used fox 
conducting the sensitivity analysis. Identify and display 
the resuits of analysis for all alternatives for each factor 
tested. Use tables, graphs, and charts for presenting data, 
inciude a narrative to highlight key points in the 


evaluaticn. 


Jem e © Neen Gis ON 


Present the conclusion in a clear, concise manner. The 
conclusion should be Erief statements of the most important 


findings presented in the report. No new material is intro- 
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duced at this stage. Justifying sentences do not belerg in 
the conclusion. Make your point and stop. Once you arrive 
Hee OuUnbNGoneluStOoNnS,  dlways Check to make certain that ycur 


G@isecussicn substantiates then. 


he mee CUMENDADZONS 

The recommendations follow from the conclusions. 
Recommended actions shculd be drafted in brief, clear, [fosi- 
tive statements. The recommendations must meet the test of 
Suitability, feasibility, and acceptability if they are to 


provide a complete and workable solution to the problem. 
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IV. BUDGETING FOR EETTER PLANNING IN ADPE ACQUISITION 

A discussion of Eudgets is important for the analyst fom 
two basic reasons. First, it is essential that the analyst 
be aware of the differences Lretween economic analysis costs 
and those estimated for a budget. As stated in the earlier 
chapter, when costs are identical in comparing alternatives, 
they need not be inciuded. When developing budget estimates 
all costs (including inflation rates) must be considered. 
Budgeting thus is a different decision problen. This chivas 
ously makes the budgeted ccst of an alternative have a 


higher cest figure than in the Economic Analysis. 


This chapter is intended for the analysts who have little 
working knowledge of the budgeting system. It is the intent 
here tc provide the analyst a brief glimpse of the system as 
it is and to set the proper prospective on what can be 
expected. An expanded explanation of the budgeting prccess 


can ke found in Appendix A. 


To initiate the budgeting process, tke analyst must gain 
a firm grasp of how money 1S appropriated within the 
Department of Defense. With this understanding, the analyst 
is more aware of where money, required by the economic anal- 
ysis, 1s going to ultimately come from should the project 
and the alternative Le chosen. The budgeting process is a 
separate consideration not related to the decision process 
of the EA. There are two types of appropriations, expense- 
type appropriations and investment-type appropriations (see 
Table IV-I). It is likely that the analyst conducting the 
economic analysis will be more involved with the latter, yet 
an understanding of both is essential. Expense-type appro- 


priations finance tte cost of ongoing operations and are 
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troken down into two major categories, Operations and 
Maintenance, and Military Personnel. FOLyeEnStanec, in the 
Navy these funds would be refered t9 as O&84%,N (Operaticns 
and Maintenance, Navy) and MPN (Military Personnel, Navy), 
respectively. Approfriations for the other Armed Forces and 
the Reserves are similar (O&M%,NR-Navy Reserve, fos 


instance). [f[Ref. 5] 


The second type of appropriation is the investment tyre. 
As the name implies, rather than financing ongoing opera- 
tions, investment-tyfe appropriations are gererallv used to 
finance projects or items requiring substantial financial 
investment over a period of time. These funds are also 


divided into two categories: Procurement and Military 


TABLE 1IV-1 
INVENTORY OF APPROPRIATIONS 


NAVY MARINE CORDS 
EXPENSE 
ANHUALLY & INCREMENTALLY FUNDED 
OPERATIONS & - O&M,N O&M,MC 
MAINTENANCE C&M, NR O&M,MCR 
MILITARY PAY - MPN RPN eMC Ree rc 
TWO YEARS & FULLY FUNDED 
eet (el pean cis IN 
DEVELOPMENT 
(ALSC INVESTMENT) 
INVESTMENTS 
THREE YEARS & FULLY FUNDED 
PROCUREMENT - APN OPN WPN PMC 
FIVE YEARS & FULLY FUNDED 
SCN 


CONS LUG iuON —eNEN MCNE 


COnS eric tino Within the procurement subdivision, the 
services and obligate for specific categories of material 
such aS weapons, aircraft, ships, and most computer systems. 
As one might expect, the Military Construction Navy (MC,N) 
is used to construct buildings, erect fences, etc. Found 
under the procurement subdivision are such categories as 
OP,N (Cther Procurement, Navy), AP,N (Aircraft Procurerent, 
Navy) and so on. Under the MILCON subdivision are HMC,N 
(MILCOCN, Navy), MC,NKR (MILCON, Navy Reserve), etc. Table 


IV-1 illustrates the divisions of the appropriations. 


The Research and Development (RED) straddles both 
expense-type and investment-type appropriations. This is 
because koth costs are used in the R&D field. For instance, 
for R&D, a new weapcns system requires a large investment 
appropriation for the actual F&ED and a substantial pcertion 
of the expense-type appropriation for the day to day 


supples--paper, pens, etc.. 


The appropriations can also be subdivided ina different 
Manner as to duration and funding. Bach appropriaticn has 
an Obligational Availability period or duraticn, during 
which time the funds are availabie for use. As one night 
expect, expense-type appropriations (used for ongoing opera- 
tions), are incrementally funded for each year and have an 
annual obligational fperiod. Investment-type appropriations 
are fully funded ("fully" in the sense that the project is 
fully aprfropriated for, such as procurement of x number of 


aircraft) and are authorized for a certain number of years. 


The analyst should be aware of two other sources of funds 
available for the prcject. One iS maintained by the General 
Services Administraticn (GSA) and the other is administered 
by the Navy Data Autcmation Command (NAVDAC). The former is 
the GSA ADP (Automated Data Processing) Fund. Lt ©i sma 
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revolving fund administered by GSA which is available for 
financing the procurement of ADPE (ADP Equipment) Ey kLase, 
purchaser, transfer, or otherwise. NAVDAC administers the 
Computer Acguisition Program (CAP), essentially a pcecl of 
money appropriated Ey congress for the procurement of 


computers within the Navy (subject to restrictions). 


To put this all in context, suppose an economic analysis 
is conducted and the most advantageous alternative is to 
select a new site and construct facilities to have a new 
computer system (purchase). The threshold for O&M,N funds 
foeeenstance, is currently $3,000. Since the new computer 
system will cost more than $3,000 (more like $3,090,000!), 
the funds must be budgeted from the Investment-type appro- 
priation, Other Procurement, Navy (OP,N). Site construction 
Will obviously come from a MC,N appropriation. The funds 
for military personnel to Support the site will ccme from 
Military Personnel, ¥Navy (an expense-type appropriation). 
Funds for civilian yay will come from the Operations §& 
Maintenance, Navy. C£ course, the day to day operaticns of 
the center (paper, pencils, etc.) Will require money from 
the Oferations & Maintenance, Navy (again, an expense-type 


appropriation). 


Although extremely simplified for illustration, one can 
see that an economic analysis will involve the analyst ina 
myriad of areas of which a minimal basic knowledge must be 
maintained. Thus the analyst can see that the alternatives 
of the decision problem can greatly influence the budgeting 
rrocess. It is important to know the origin and the thresh- 
olds of the money involved in order to select the truly 


best alternative. 


Once given a project, the analyst will follow the ADDS 


lifecycle acquisition phases and milestones. This begins 


a 


with the Mission Element Needs Statement (MENS) and marks 
the first Eudget estimation a analyst will make for the 
Piomceaer The initial and each successive estimation should 
ke included as a budget input to insure future funding. The 
MENS is submitted as part of the organization's Ludget esti- 
Mate in the POM. In the simplest of terms, the POM is a 
projected spending plan wnich extends five years ahead into 


the future for planned actual spending. 


Phen the MENS is submitted as part of the organization 
FOM, two separate items are addressed: 1) reguesting 
permission for or to continue with the project as stated in 
the MENS, and 2) stating the intent of that organizaticn to 
spend money sometime in the next five years. The process is 
repeated each year the project remains alive by updating the 
POM. A further discussion of this process will reveal the 
difficuity of providing budget estimates in the MENS and 
elements which further complicate the budget estimates once 


the initial POM is accepted. 


Recognizing that each level in the chain of command will 
be submitting budgets and be allocated so much money per 
year, each level must in turn distribute its funds based on 
needs. At the field level, the analyst is given cquidance 
from the chain of command for the needs which are felt the 
most important in the form of the Consolidated Guidance. 
This provides limits in how much can be badgeted on 
projects. This emphasizes the need for informal liaison 
with tke chain of command. Unless the analyst's superiors 
are aware of project costs, they will be unlikely to include 
those expenditures in the Consolidated Guidance. This is 
not to say that the project analyst is restricted to the 
levels stated in the Consolidated Guidance. The analyst can 
Submit a request for additional funds. But approval is more 


likely tc happen with the support of the chain of command. 
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tt is when the analyst submits the MENS that one begins 
to see just how difficult budgeting can be. The analyst is 
asked at milestone zero (submission of first MENS) to esti- 
Mate how much money will be needed to meet the requirements 
stated in the MENS. How can a analyst estimate the cost of 
fulfilling a requirement when it has not yet decided how to 
go about accomplishing that task? PoOmeerns tance, the 
fulfillment of the MENS might be accomplished by one of many 
alternatives not yet even formulated. The reality at this 
stage is to understand the process. If the analyst subnits 
a budget estimation Eased on any one alternative, tken accu- 
sations may ensue for prejudging and forming a biased 
Spin lon. A solution, in this instance, is to derive the 
best educated estimate for use in the MENS. This means 
finding a budget estimate that will cover all alternatives 
as closely as can be determined without studying alternative 


costs. 


Once the analyst gets past the MENS and progresses tc the 
Systems Decision Paper, better estimates can be derived and 
the POM adjusted, LEecause the project is better defined. 
This means close communication with the chain of command to 
insure support via consolidated guidance. But the 
complexity does not end here. The analyst is faced witha 
project iifecycle which almost always exceeds three years. 
The analyst is faced at this point with a variety of 


possitle set-backs. 


Remembering the division of funds, the analyst may find 
funds approved for cne part of the project and not’ the 
other. At one point, the project may be approved and fully 
funded then suddenly the funds are no longer available 
because a higher authority withdraws them. At the same 
time, funding is approved or increased for a project that 


the analyst feels is less important. These situations do in 
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fact occur and can leave the aralyst frustrated. The more 
experienced analysts in procurement realize that this isa 
functicn of the complex budgeting system of fOD. The 
analyst must reaiize that higher authorities are responsitle 
for a myriad of projects and they must prioritize them in 
the best interest of the country. For example, by neces- 
Sity, the system has Euilt in levels in the chain of command 
where funds can be diverted to unforeseen expenditures. 
These funds are diverted from approved ard previously funded 
projects. When projects already funded do not get approved 
or fall under budget, extra funds are then made available. 
Funds can not be used for other projects unless approved by 
higher authority. This is not to say that if an analyst has 
a project funded and it is later dropped that these funds 
may be applied elsewhere. The command's budget must be 


adjusted accordingly. 


Given a general description of the different funds the 
analyst must deal with, it is often helpful to employ tocls 
to help identify which costs go where. Once the analyst has 
an understanding for what a project entails, all costs 
Should be identified for the project. This 1s not an easy 
task since many costs will vary and some will be nonexistent 
depending on decisiors that will be made in the future. An 
example may be that of office automation. On one hand, if 
the economic analysis (EA) proves that procuring a new 
System is rest, the project analyst must include the cost of 
hardware, software, utilities, maintenance and other such 
costs associated with buying a new systen. On the other 
hand, the EA may prove the current system best and the costs 


mentioned akove would not apply. 


In tne early sStagqessot the roj ee, estimates are less 
accurate than newer oneS which are updated vearly in each 


Vode Seer The analyst cannot be expected to correctly 


56 


estimate the exact cost of a project, Di tedeted |1Stic 
attempt is expected. As tne project proceeds to further 
milestones, the analyst will be expected to refine the 
estimates. 


One way to present a realistic estimate of costs in rrep- 


aration of a POM is the use of the grid system. The grid 


system is a method in which individual fund types are iden- 


tified with individual cost elements. For example, suppose 


a new office automation system is found to be economically 


feasible just before the project analyst is reguired to 


submit the annual budget estimates. Using the grid systen, 
cost elements may be identified along the left side ci the 
grid and then categorized by the different funds on the top 


side of the grid as follows: 


TABLE IV-2 
GRID SYSTEM EXAMPLE 


- O& MN MPN OPN MEONW RDTE TOTAL 
HARDY ARE COST Kreme Out ¥ 500 FXY.00 
SerewARS COST pee 5516 CHO ).0 4 LOG, 
PERSONNEL COST $X.00 SyY.00 $XY.00 
MAINTENANCE bX oO pa 0 
ee TIES $X.00 Deke 0) 
TRAINING $%.00 peek 
mae . $X.00 peeks 0 0 
TOTALS Potion ye Oep ry. 00 $Y°00 $227.00 
Notice that these costs must be broken down to their 


This 1s because different 


budgeting procedures are used for different funds (Often the 


appropriate funding categories. 


Di) 


organizaticn will Jleok to the comptroller for eipeeee 


breaking these costs down into the various categories.) 


The key to a successful grid is the detailed cost treak 
down. Too many of the original budget estimates are far off 
the final costs simply because the analyst failed to iden- 
tify all costs. During each iteration, the analyst will 
make more precise estimates of costs that have heen identi- 
fied. These estimates are likely to change with time, as 
well as with changes to the cost categories. So project 
analysts can use the grid as both a starting point in the 
budget process) and aS an ongoing updating tool (fom 


subsequent budget submissions. 


Before closing the discussion of budgets, the analyst 
Should be aware of the governing thresholds and approval 
authorities. To find the approval level for a project enter 
the ADP Approval Thresholds table IV on the left with the 
type of procurement involved. Go to the line with the 
maximum dollar figure for the project and move across to the 
mark. This gives the column for the approval level. Table 
TiI then gives the ALF Approval Authorities. These approval 
authorities may be delegated to a lower command. This is 
only a guideline to the avproval authorities and threshclds. 
For precise Inf OL la tones this subject see SECNAV 
INSTRUC TIGR 3 0 on 
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Level 1 
Senicr ADP Policy Offical of the Department of the Navy 
ievel 2 
Chief of Naval Oferations* 
Commandant of the Marine Corps 
Director, DON ADE Management ** 
*COMNAVDAC is delegated CNO/Director, DONADPM™ 
Level 2 approval authority for actions not 
related to Naval Data Automation Command 
requirements. 
**CNO (Op-942z) will exercise Level 2 authority 
for actions internal to COMNAVDAC. 
Deputy Comptroller of the Navy 
Chief of Naval Research 
Chief of Naval Material 
Commander in Chief, U.S. Atlantic Fleet 
Commander in Chief, U.S. Facific Fleet 
Commander in Chief, U.S. Naval Forces, E'rope 
Commander, Naval Lata Automation Command 
Chief of Naval Education and Training 
Commander in Chief, Atlantic 
Commander in Chief, Pacific 
Commander, Naval Military Personnel Command 
14 


Auditor General of the Navy 


iD 
i< 


Commander, Naval vedical Command 

Commander, Military Sealift Command 
Commander, Naval Cceanography Command 
Commander, Naval Telecommunications Command 
Chief of Naval Reserve 

Commander, Naval Intelligence Command 


Commander, Naval Security Group Command 


Sa 


TYPE APPEROV 
General Furpose ADPE 
(Sole-source) 
Exceeds 1M 
Up Forerin 
xp to ss00K 
Vip ton pow 


General Furpose ADPE 
(Competitive) 
Exceeds 334 
Ui Org ent 
Dp tows 
Dio” fem os Oak 


ADP® Reutilization 
Leased ADPE 
Cwned ADPE 


Level 


APPROVAL LEVEL 
1 Level 2 Level 3 Level 4 


ADP Services Contracts and Computer Software 


(Initial contract and all options) 


Exceeds $5” 
Up etons ot 
Up moe pL 
Ur aero C0K 


X 


ATS Development and Installation 


Exceeds %$25M 
Ui yeoman 
Up to $5M 
Dianome 50 Ok 


X 


oe 
4 
x 
x 
x 
x 
Same as sole source ADPE. 
Same aS competitive ADPE. 
x 
X 
” 
ix 
Xx 
m4 


6 0 


ADP APPROVAL THRESHOLDS 


(continued) 


moo OK Cr Exclusively Sciemtifac Actions (ESA). An ESA is 
acquisition of ADPE which is to be exclusively dedicated to 
Scientific and engineering arplications (i.-e., design and 
engineering, Simulation, modeling, physical performance or 
occurrence measurement and analysis, numerical analysis, 


tracking, trajectory computation, or process control). 
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3. Naval Data Autcmation Command Publication 15-7008 
Feonomic Analysis Precedures For ADP, by D.C. Zimmerman, 
Chapter 17, March 1980. 


Naval Data Automation Command Publication 24.1, Prcecject 


4, 
Managenenty Pp. 27, 2 taser oe. 


5. Naval Postgraduate School, Comptrollership Course, 1984. 


THE PLANNING, PROGRAMMING, AND BUDGETING SYSTEM 


The Planning, Programming, and Budgeting System (PPBS) is 
a system designed tc assist the Secretary of Defense in 
Making choices about the allocation of Scarce resources 
among a number of competing or possible programs and alter- 
hatives to accomplish specific objectives in our national 
deferse. Simply put, the PPBS is a decision-making process 
for allocating defense resources. Its focuS iS more on 
objectives and purposes, and long-term alternative means for 
achieving them. Alsc, the PP8S brings together planning and 
budgeting by means of programming, the process which essen- 
tially defines a procedure for distributing the available 
resources equitably among the competing or frossible 
programs. To summarize, the PPBS can be thought of in stra- 
tegic terms: based on an anticipated threat, a strategy is 
developed, requirements of the strategy are then estimated 
and programs are developed to execute that strategy, and 


finally, the costs of approved programs are budgeted. 


The three phases of the PPBS (Planning, Programming, and 
Budgeting) each have their own particular set of milestones 
towards accomplishment. It iS important to remember, 
however, that the road to each milestone iS an iterative 
process. In many cases, the number of iterations can be 
Significantly reduced by the preparation of a proper 


economic analysis. 


The planning phase begins with the issue of the Joint 
Strategic Planning Document (JSPD) by the Joint Chiefs of 
eimai . The JSPD prevides the advice of the JCS to the 


President, the National Security Council, and the Secretary 
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of Defense on not only the military strategv but alsc the 
force structure necessary to attain the national security 
objectives of the United States. Upon review by these agen- 
cies, the JSPD is amended to reflect decisions made by the 
President and/or the Secretary of Defense. The resulting 
document, the Defense Guidance, provides the guidelines that 
must ke observed by the JCS, the military departments, and 
defense agencies in tne formulation of force structures and 
the Five Year Defense Plan (FYDP). The Defense Guidance is 
also used by the Secretary of Defense staff in reviewing 
proposed programs, particularly with respect to fiscal 
Cons €aeants. Issued by the Secretary of Defense to the 
services, it marks the end of the Planning phase and the 


keginning ot the Programming phase. 


The Programming fhase in PPBS is designed to translate 
the planning of the previous phase into program force struc- 
tures in terms of time-phased resources requirements, 
including personnel, monies, and material. This is accon= 
plished ty systematic approval procedures that "cost out" 
force objectives for financial and manpower resources five 


years into the future. 


The critical document during this phase is the Prcgranm 
Okjective Memorandum (POM). POM's are prepared Ev each of 
the services in response to the Defense Guidance from the 
Secretary of Defense. The purpose of the POM is to express 
total program requirements in terms of force structure, 
Manpower, material, and costs, to satisfy all assigned filme. 
tions and responsibilities during the period covered by the 
FYDP. The FYDP is the official Summary of programs approved 
ry the Secretary of Defense. It specifies force levels in 
terms of mazlor misSicn programs and lists total obligational 
authority by appropriation and manpower. Tt serves as the 


controlling internal working mechanism of the Department of 
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Defense FPBS and periodically records its major outputs-- 
proposed programs and program budget estimates. The POM 
therefore provides the rationale for alteratidn to the 
existing FYDP. Inclusion of a desired system (program) in 
the current POM is the only way it will be considered by 


Somanrescs, 


The PCM development process consists of Many iterations 


in order that programs (desired and existing) can compete 
for the existing resources. AS such, the POM develorment 
phase is divided into three fhases: (1) Program Planning 


Phase, (2) Program Data Base 'Jpdate Phase, and (3) Final POM 
Development. Of these three phases, the potentially most 
important one to these preparing the Economic Analysis is 
the Final POM Develcpment Phase, orten called the "End 
Game". This phase consists of an iterative process 
involving program tradeoffs to accommodate necessary 
constraints. At the end of the process, the presentaticn of 
the proposed programs is reviewed by Appropriation Sponsors 
who advise what changes in packaying by appropriation could 
be made which would improve the likelihood of survival into 
the final budget. The Appropriation Sponsors on the CNO 


start are: 


SCN OP-03 CEM,N OP-92 
APN Op-05 MPN OP-01 
OPN OP-92 O&M, NR OF-O09R 
WPN OP-03 REN OP-O9R 
RDT&E OP-098 

MILCON OoPp-04 


Abcut 30 days after the issue of the Service POM's, the 
JCS issue the Joint Program Assessment Memorandum (JPAM) 


Wnich provides the views of the JCS on the respective POM's. 
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After review, the Secretary cf Defense issues the Program 
Decisicn Memorandum (PDM) which carries with it final 
approval of the Service POM's and the milestone ending the 


Programming Phase and beginning the Budgeting Phase. 


For those preparing the Economic Analysis, the level of 


involvement in the Budgeting Phase is all but nil, yet an 


understanding is helpful in comprehending the overall 
process. 

The Budget Process is divided into four phases: (iP 
Executive Formulation and Transmittal, (2) Congressional 


Action, (3) Budget Execution and Control, and (4) Review and 
Audit. The Department of the Navy's involvement in the 
first phase, Executive Formulation and Transmittal, is as 
described in the previous paragraphs concerning Planning and 
Programming and will not be reiterated here (the concept of 
timing will be discussed later). Congressional Action is 
the next phase whose importance cannot be underestimated. 
Congress has the power to approve, modify, or disapprove the 
President's Budget prcposals. It can change funding levels, 
eliminate programs,or even add programs. Congressional 
review of the budget begins when the President submits his 
budget in early January. By March 15, each of the standing 
committees in Congress is required to submit reports on 
Eudget estimates to the House and Senate Budget Committees. 
Also, the Congressional Budget Office is required to submit 
a fiscal policy report to the two Budget Committees. By May 
15, the First Concurrent Resolution is adopted containing 
government-wide budget targets of receipts, budget 
authority, and outlays to guide Congress in its subsequent 
consideration of appropriations’ and revenue measures. 
Between this time and September 15, the President sukmits 
additional budget amendments and the House and Senate 


Approfriations Committees prepare spending bills. After 
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action is completed on the spending bilis, Congress adopts 
(ov September i) the pecond, Concurrent Resolution 
containing budget ceilings (and a floor for receirts). 
Changes recommended by various committees are reported in a 
reconciliation bill on which Congress must act by 25 
September. The budget then becomes effective on 1 Octcber. 
Congress would be able to pass a supplemental appropriation 
that would cause budget authority or spendiny to vary (above 
or below) the second resolution's total only if it adopted a 
new Ludget resolution changing the levels set by the Second 
Concurrent Resolution. If actions on appropriations are not 
compieted by the beginning of the fiscal year, Congress may 
enact a Continuing Resolution to provide authority for the 
affected agencies to continue operations until the regular 


approfriations are enacted. 


TIMING 


It is important to understand the timing of events in the 
PPBS. At any one time, there are three different fiscal 
year budgets active in varying agencies. The following is 
provided as an aid to following the process through the 
Department of Defense to Congressional Enactment of the 
President's Budget for FY 1987. 


Submit JSPD Aug '84 
Submit Defense Guidance Jan * 35 
Submit POM Maye ee 
Submit JPAM May/Jun '85 
Submit PDM Aug/Ser '85 
Submit President's Budget Jan 786 
Budget in force (FY 87) Set. “ec 
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